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Abstract
Purpose: There are two standard methods for an magnetic resonance imaging (MRI) examination of the sternocla-
vicular joints: with loop coils and the patient in the prone position, or with torso coils with the patient in a supine 
position. In some centres these joints are examined with the spine coil in a patient laying prone. There are no reports 
on the advantages of this method. Our hypothesis is that despite different MRI systems, application of a spine coil 
will improve examination quality.
Material and methods: Twenty-one healthy volunteers (10 female, 11 male, mean age 25 years) were randomised into 
three groups and scanned using three different MRI scanners (1.5T: Siemens Avanto, Philips Ingenia, 3.0T: Philips 
Achieva). Each volunteer was examined twice: using a standard protocol with a torso coil and with a spine coil, in 
prone position. The two groups were compared with regard to the intensity of motion artefacts using the χ2 test, and 
to the signal-to-noise ratio with the Wilcoxon signed-rank test.
Results: Application of a spine coil resulted in a significant decrease in the number of motion artefacts in all three 
planes (axial: p = 0.0004; sagittal: p < 0.0001; coronal: p = 0.0054). Moreover, the signal-to-noise ratio was signifi-
cantly increased with the application of a spine coil (28.6 ± 8.6 vs. 18.5 ± 7.3, respectively; p = 0.0002).
Conclusions: Application of a spine coil with the patient in a prone position is suitable for MRI evaluation of the sterno-
clavicular joints. It allows a higher signal-to-noise ratio and a lower intensity of motion artefacts to be obtained com-
pared to a torso coil.
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Introduction
The sternoclavicular (SC) joint is the only articulation that 
joins the upper extremity and the axial skeleton [1]. It can 
on rare occasions be affected by conditions such as sep-
tic arthritis, osteoarthritis, rheumatoid arthritis, trauma, 
SAPHO syndrome, and condensing osteitis [2-4]. How-
ever, due to the rarity of these conditions, evaluation of 
the SC joint creates a diagnostic challenge [1]. 
Despite being indispensable in the evaluation of most 
joints, magnetic resonance imaging (MRI) has yet to gain 
wide clinical acceptance in SC joint examination. This 
may be due to the wide availability of computed tomog-
raphy (CT) examination, which is easier to perform and 
is subject to less respiratory blurring thanks to its short-
er acquisition time [5]. However, application of the MRI 
scanner gives excellent spatial and contrast resolution, 
allows cartilage and soft tissues to be better characterised, 
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and is more sensitive to marrow oedema and fatty dege-
neration [6].
There are two standard methods for evaluation of the 
SC joint: one employs loop coils with the patient in the 
prone position, and the other uses torso coils with the pa-
tient in the supine position. As these two methods have 
major limitations; the aim of the study was to improve the 
examination technique in order to reduce the amount of 
motion artefacts and to increase the signal-to-noise ratio.
Material and methods
Designing a new protocol
The patient is positioned prone with the arms along the 
sides of the body. A cushion is placed under the forehead 
so the head lies straight in order to tense the sternocleid-
omastoid muscles equally. No straps are necessary to keep 
the head or chest in place. Although no additional cush-
ion is needed for women to fit their breasts, for the sake 
of comfort, one is placed to fill the gap between the joint 
and the coil. The aiming laser is centred over the line con-
necting the spines of the scapulae. The reminder of the 
examination and its planning follows standard protocols 
described elsewhere [7].
Comparison of examination protocols
Twenty-one healthy volunteers (10 females and 11 males), 
with an average age of 25 years, were included in the study. 
They were randomised into three groups. Each individual 
was scanned twice using the following equipment:
• group 1 – examination with Siemens Avanto 1.5T using 
a spine matrix coil and matrix body coil: scan time for 
each coil 22 min; 
• group 2 – examination with Philips Achieva 3.0T using 
a total spine coil and torso coil: scan time for each coil 
21 min;
• group 3 – examination with Philips Ingenia 1.5T using 
a total spine coil in the table and torso coil: scan time 
for each coil 20 min.
Standard sequences were used (TSE – T1W, T2W, 
PD, PD FatSat) in the axial, coronal, and sagittal planes 
(details are presented in Table 1). No breath holding was 
required.
Within each group, the intensity of the motion arte-
facts was assessed quantitatively and the signal-to-noise 
ratio qualitatively. The intensity of the motion artefacts 
was rated in all three planes (coronal, sagittal and axial) 
and categorised as: A quality (no/slight artefacts that allow 
to clearly differentiate borders of anatomical structures 
such as articular disc or stabilising ligaments); B quality 
(minor artefacts that still allowed for evaluation of ana-
tomical conditions described above, but their margins 
were blurred); and C quality (major artefacts that did not 
allow for evaluation of anatomical conditions).
The signal-to-noise ratio (SNR) was calculated using 
Osirix MD software [8]. On axial scans, three square re-
gions of interest were drawn: a 1000-pixel ROI covering 
two distal parts of both clavicles and part of the sternum, 
and two 500-pixel ROIs placed on the background air, just 
in front of the chest wall. The SNR was calculated accord-
ing to the following formula: 
SNRsingle = 0.655
S
SDair
where S is the mean signal in the larger ROI and SDair 
is the average of the standard deviations of the two smaller 
ROIs. The 0.655 factor was used because the (Gaussian) 
noise present on the raw data is centred about zero [8]. 
All examinations were evaluated by two experienced 
musculoskeletal radiologists (15 and 18 years of experi-
ence), who were blinded to the both type of examination 
protocol and type of scanner. Based on their assessment, 
the Cohen’s kappa coefficient for interrater agreement was 
calculated. Following this, the examinations were re-eval-
uated by both specialists together, and the results obtained 
by consensus were used for further analysis.
The study protocol was approved by the local Bio ethics 
Committee and was in accordance with the Helsinki Dec-
laration of 1975, as revised in 2000. All participants gave 
their informed, written consent.
Statistical analysis
Statistical analysis was performed using Statistica 12 soft-
ware (StatSoft Poland, Cracow, Poland). Generally, while 
a p-value < 0.05 was considered significant, the Bonfer-
roni correction was applied for multiple testing, and the 
level of significance was < 0.017. For between-group com-
parison of intensity of the motion artefacts the χ2 test with 
dedicated corrections was applied. To evaluate interrater 
agreement in assigning to a particular category of motion 
artefacts, Kappa statistics were used. The normality of 
the data distribution was checked with the Shapiro-Wilk 
test. As the distribution was non-normal, comparisons of 
the SNR values of two scanning techniques obtained in 
the same patient were checked with the Wilcoxon signed-
rank test.
Table 1. Standard sequences parameters used in study
Parameter T1W T2W PD FatSat
Matrix 256 × 256 256 × 256 256 × 256
FoV Cor/Sag/Ax 220/210/200 220/210/200 220/210/200
Slice thickness 3 mm 3 mm 3 mm
Gap 10% 10% 10%
TR – range 600-800 3000-4000 2500-3000
TE – range 15-25 100-120 25-30
TSE 3 18 8
NEX 3 3 3
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Results
Motion artefacts
When the result for all scanners were combined, signifi-
cantly fewer motion artefacts were found for the spine coil 
than the torso coil in all three planes (Table 2, Figure 1). 
However, when analysed separately, only the axial (Fig-
ure 2) and sagittal (Figure 3) scans performed with the 
Achieva 3T and Avanto 1.5T presented significantly fewer 
motion artefacts (data not presented).
Table 2. Number of quality categories for spine and torso coils according to scanning plane
Axial Sagittal Coronal
Coil A B C A B C A B C
Spine 16 5 0 15 5 1 19 2 0
Torso 2 14 5 0 9 12 10 9 2
p-value 0.0004* < 0.0001* 0.0054*
*Significant differences
Figure 1. Examples of coronal scans of the sternoclavicular joints obtained from the Achieva 3T Scanner with A) spine and B) torso coils
A B
Figure 2. Examples of sagittal scans of the sternoclavicular joints obtained from the Ingenia 1.5T Scanner with A) spine and B) torso coils
A B
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Table 3. Signal-to-noise ratio (SNR) for spine and torso coil on different scanner
SNR [mean (SD)]
Coil Ingenia 1.5T Avanto 1.5T Achiva 3.0T
Spine 30.3 (10.1) 24.4 (7.3) 31.1 (7.9)
Torso 24.8 (8.0) 14.8 (3.0) 16.1 (5.8)
p-value 0.1763 0.0280 0.0156*
*Significant differences
Kappa values for interrater agreement for axial, sagit-
tal, and coronal planes were as follows: 0.64 (CI: 0.36-0.77) 
– substantial agreement; 0.87 (CI: 0.75-0.98) – almost per-
fect agreement; and 0.68 (CI: 0.38-0.88) – substantial agree-
ment [9].
Signal-to-noise ratio
In general, the mean SNR was significantly higher for the 
spine coil than for the torso coil (28.6 ± 8.6 vs. 18.5 ± 7.3, 
respectively; p = 0.0002). However, when each scanner 
was analysed separately, the difference was significant only 
for the Achieva 3T scanner (Table 3). For the other two 
scanners, there was a clear trend towards increasing SNR.
Discussion
Our study presents an efficient method for MRI exami-
nation of the SC joints based on the application of a spine 
coil. Not only is the scanning time comparable with rou-
tine methods, it is also associated with a greater signal-to-
noise ratio and lower intensity of motion artefacts.
Although MRI examination is a valuable method for 
examining the sternoclavicular region [5], no consen-
sus exists regarding the scanning protocol. Surface coils 
have been successfully used for virtualisation of the SC. 
Klein et al. reported clear visualisations of anatomical 
relations and pathological conditions [10] in this region 
with the use of a five-inch loop receive-only surface coil 
placed over the SC with the patient prone. However, the 
use of a loop coil presents some drawbacks: there is often 
a mismatch between coil size and patient size, loop coils 
are usually only single channel, which gives lower quality 
results, and the small size of the coil results in a restrict-
ed examination area. Additionally, when a surface coil is 
used with the patient in the supine position, the SC joint 
moves as the patient breathes, thus producing severe arte-
facts that are further worsened by vascular pulsation and 
swallowing [10]. 
However, more motion artefacts are produced when 
a torso coil is used, and its large field of view results in 
poorer spatial resolution. Although Aslam et al. [6] report 
obtaining excellent images of sternum and SC joints with 
the body coil and patients laying in supine position, the 
images given in the present study are of still higher quality.
Of course, the use of a breath-hold technique or res-
piratory gating may improve image quality when either 
coil is used. However, this method lengthens the scan time 
significantly and is not commonly used.
A literature search revealed one paper that describes 
an additional method for SC joint evaluation. Benitez 
et al. present images of a number of traumatic SC joint in-
juries obtained with the application of a two-part phased 
array shoulder coil placed directly over the SC joint and 
between the scapulae. However, all the presented images 
contained a significant number of motion artefacts [11]. 
Hence, because the most frequently injured structure was 
the articular disk and the SC joint should be assessed in 
all three planes, it is crucial that the scans are of optimal 
quality [5].
Our protocol facilitated increased SNR and reduced 
respiratory blurring, especially in planes that were the 
most affected with these artefacts. High image quality 
was obtained by positioning the patient as close to the 
coil as possible, which reduced the amount of free space 
between the patient and the coil (proper saturation). 
Moreover, the amount of respiratory movement was re-
duced by keeping the prone position to stabilise the SC 
Figure 3. Examples of transverse scans of the sternoclavicular joints obtained from the Achieva 3T Scanner with A) spine and B) torso coils
A B
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joint. One unquestionable advantage of our method is 
its universalism: because spine coils are widespread in 
modern MRI equipment, it was possible to acquire satis-
factory images using three different generations of MRI 
scanners. Moreover, this technique is faster than using 
breath-hold/respiratory gating techniques or following 
the standard procedure based on a torso coil, because 
patient alignment is easier.
This initial report has two main limitations. First-
ly, the experimental group is quite small, and secondly, 
no comparison was possible between the use of a spine 
coil and a loop coil. However, as mentioned above, loop 
coil construction (single channel) is fundamentally com-
promised with lower scan quality, and loop coils are not 
used as often as torso or spine coils. Another potential 
limitation is that some patients, for example those after 
trauma or those with osteoarthritic changes in the neck 
or breathing problems, may be unable to lay in the prone 
position; however, this is only a potential problem that 
requires confirmation in a clinical setting.
Conclusions 
This is an initial report that demonstrates the value of us-
ing a spine coil with the patient in the prone position for 
MRI evaluation of the SC joint. Despite different types of 
applied magnetic field (1.5T and 3T) and different gen-
erations of scanners, our technique allowed us to reduce 
the number of motion artefacts and to increase the signal-
to-noise ratio. Nevertheless, the usability of this method 
should be verified under clinical conditions on a larger 
group of patients.
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